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Abstract. A similarity solution for the steady flow of an incompressible viscous electrically 
conducting rarefied gas in a horizontal channel with volume sources or sinks of mass is presented 
by the method of matched asymptotic expansions for large magnetic parameter. 
1. INTRODUCTION 
The steady two-dimensional flow of an incompressible viscous fluid through a porous chan- 
nel containing source and sinks of mass got its importance in the problems of lubrication, 
transpiration cooling, gaseous diffusion etc., a comprehensive review of which may be found 
in [l]. 
In the present paper, we consider the influence of magnetic field on the flow of a conducting 
rarefied gas in a horizontal channel with volume sources or sinks of mass. It is shown that 
a similarity solution is possible when the induced magnetic field is neglected. Matched 
asymptotic expansion method is applied to solve the problem for large Hartmann number. 
2. SOLUTIONS FOR LARGE HARTMANN NUMBER 
The constitutive equations for the steady flow of a conducting fluid in presence of a uniform 
transverse magnetic field Bo are [l] 
(2.1) 
(2.2) 
where the symbols have their usual meaning. S is the capacity of volume sources or sinks 
of mass. S < 0 corresponds to source and S > 0 for sinks. We take S to be constant, 
<= (u, V, 0), y = +L as surfaces of the channel, y-axis perpendicular to them and Fis bhe 
unit vector along the z-axis. 
It can be shown by Group-theoretic approach [2] that the equations (2.1) admit similarity 
solutions of the form 
u = U(1 - NX)P’(X), ?J = $V(W - 4, 
where 
X 
UX 
=jp 
A2 pSL?, 
JfP 
(2.3) 
(2.4) 
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U being the average velocity at the inlet t = 0. Using (2.1) to (2.4), we get 
f ‘I’- APf + N[f’2 - f”(f - A)] = P (2.5) 
where M is the Hartmann number and P is the dimensionless pressure gradient. Since the 
flow is symmetrical about y = 0, the boundary conditions are 
bU 
ay=v= 
0 at y= 0. 
For a rarefied gas, the first order slip velocity conditions on y = 1 are 
(2.6) 
u = -hL,,$, v = 0 (2.7) 
where h = Y,f 1 is the Maxwell reflection coefficient, LO = v($pp)* is the mean free 
path. Using (2.3) and (2.6) the conditions (2.7), lead to 
f”(o) = f(o) = 0, f’(1) = -hf”(l), f(l) = o. 
Let us write (2.5) in the form 
(2.8) 
E2f ‘Ii - f’ -t &*N[f’2 - f”(f - A)] = PE2 
where E = M-r << 1. Outside the Hartmann layer, we take 
(2.9) 
f(OU) = fp + Efw + ,afp) + 1 . . . . 
P Co =-+ 
Es 
? + c2 + CSE + . . . . (2.10) 
Using (2.10) and equating different powers of E, we get a set of equations and boundary 
conditions for fi to solve them and finally we shall obtain 
fW = -cox - EC1A + 2(NC,2 - C2)X + . . . 
For inner expansion in the Hartmann layer, we rescale the variables as 
(2.11) 
l-f 1-x 
C=y, t=y, c = c’o + EC1 + E2C2 + ... (2.12) 
Introducing (2.12) in (2.9) and (2.8), equating different powers of E we get equations and 
boundary conditions for C. Solving them we obtain finally 
fcin) = 1 - eCe(1 - < - e-0 - E’ [Coh(e-f - 1) + Ci(1 - < - eeE)] + . . . (2.13) 
To determine Co, Cl, Cs... we use the asymptotic matching principle given by [3]. 
The m-term inner expansion of (the n-term outer expansion) 
= The n-term outer expansion of (the m-term inner expansion). (2.14) 
Using (2.11), (2.13) and (2.14) we determine the constants Cc,Ci, CZ, . . . and putting them 
in (2.10) we get the pressure gradient P for large it4 as 
P=-M? -n!+(N-l+h)+z z ’ 3N-(i-h)2] to(&) (2.15) 
[ 
The expansion (2.15) shows that the rate of pressure drop decreases with increase in N 
when N 1 0 and increases with 1 N 1 when N < 0. Hence the volume sources of mass increase 
and sinks of mass decrease the overall hydraulic resistance of the channel for large Hartmann 
number. Also, for fixed N, increase in the Hartmann number results in an increase in the 
pressure gradient along the channel. This is to be expected from physical considerations 
also since an increase in A1 causes a progressive flattering of the velocity profile so that the 
pressure drop required to maintain the flow rate increases with ICI. 
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